Technique and Significance of Lymphocyte Transformation in Allergic States
Human peripheral blood small lymphocytes cultured in vitro have the potentiality of transforming into large lymphoblastoid cells which are able to synthesize DNA and subsequently undergo mitosis. The majority of lymphocytes in a culture will transform under the influence of the bean extract phytohemagglutinin (PHA) (Nowell 1960 ). The effect of PHA is regarded as nonspecific immunologically since the lymphocytes of all normal individuals will respond similarly. Purified protein derivative oftuberculin (PPD) added to cultures will also cause transformation in a proportion of the lymphocyte population, but only if the cells are obtained from a tuberculin-positive donor (Pearmain et al. 1963 , Heilman & McFarland 1966b . If the lymphocytes from the same donor are cultured without added PPD or if the lymphocytes with PPD are from a tuberculinnegative individual, few or no transformed cells are seen at the end of the culture period. These findings have led to the consideration of the technique as an in vitro test for allergy (see Robbins 1964) .
To procure lymphocytes a sample of heparinized or defibrinated blood is collected and the red cells removed by simple sedimentation or by inducing sedimentation by a rouleaux-promoting agent such as dextran or gelatin. Polymorphonuclears and macrophages may be removed by attaching them to glass or cotton-wool, but excessive zeal in this direction is to be avoided since it has been clearly shown that phagocytic cells are necessary for optimal lymphocyte response (Wilson 1966 , Hersh & Harris 1968 ).
Having obtained a lymphocyte suspension the accepted basic requirements for the technique are:
(1) Culture medium. (2) Serum or plasma. (3) A culture vessel. (4) An incubator. Beyond these preliminaries agreement between various investigators ends and a wide variety of culture methods are in use (see Ling 1968) . Even without looking further it has been shown that results are influenced by the number of lymphocytes in culture (usually between 0 5 and 2-0 x 106 per ml), by the area of the floor of the culture vessel used, by the serum or plasma used and by the duration of the culture period (Moorhead et al. 1967) . PHA cultures are usually harvested after 3 days whereas antigen-containing cultures are maintained for 4-7 days.
Two methods of assessment of results are in common use, morphological and. radioactive. In the first, at the end of the culture period stained smears of the remaining cells are made and counted. The number of transformed cells and mitoses found is expressed as a percentage of the total number of lymphoid cells counted and is compared with the percentage obtained in cultures without additives. The transformed lymphocyte in stained smears is seen to be a large cell (10-25 p diameter) with a large pale-staining nucleus containing deeply staining clumps of chromatin and a prominent nucleolus, the cytoplasm being abundant and vacuolated (Yoffey et al. 1965 ). This morphological counting method is affected by the number of lymphocytes at the beginning of culture, the number dying during the culture period and the degree of proliferation of the transformed cells. Mitosis of a transformed cell results in two daughter cells with the same morphology as the parent cell and with the capacity for further mitosis (Bender & Prescott 1962 , Marshall & Roberts 1965 ). The problems inherent in morphological assessment and methods of allowing for them have been described by and by Wilson & Thomson (1968) . The counting of PHA-stimulated cultures is further complicated by the considerable agglutination of leukocytes which occurs, a problem which can be overcome only with some difficulty (Stewart & Ingram 1967 ).
The second method of assessment is by the incorporation of a radioactive DNA precursor followed by liquid scintillation counting of the extracted cellular deposit. Tritiated or 14CQ thymidine is the precursor most commonly used since it demonstrates the mitotic activity of the culture (Moorhead et al. 1967 , Schellekens & Eijsvoogel 1968 ). The incorporation of isotope in stimulated cultures is compared with that of nonstimulated control cultures and a consistent doubling of counts may be regarded as significant if the number of samples is too small to allow statistical analysis. This method has the great advantage of objectivity; the results obtained are influenced by the dose and specific activity of the isotope used, the stage at which the isotope is added and the duration of the incorporation period.
Since serum or plasma, in a concentration of about 20%, is at present a necessary constituent of the culture medium it will be seen that each culture is thereby biochemically unique, particularly since autologous plasma is favoured to allow optimal transformation with the lowest 'background'. The role of serum factors may be of considerable importance (Heilman & McFarland 1966a , Holt et al. 1966 , and other constituents of the culture medium have also been shown to influence the results (Johnson & Russell 1965) . Only when a completely defined serum-free medium is used will it be possible to have a standardized technique. Progress in this direction has been made by Bergman et al. (1967) and by Coulson & Chalmers (1967) . Fuithermore, one must not forget that other factors such as systemic drug administration, intercurrent viral infections and surgical operations endured by the donor may impair the results.
A wide variety of nonspecific agents and specific antigens have been shown to induce lymphocyte transformation in vitro (see Robbins 1964 , Oppenheim 1968 ). PHA will result in 60% to 80% of transformed cells at the end of three days in culture. Impairment of the normal response to PHA has been found to correlate with impairment of cell-mediated immunity (as in congenital thymic aplasia, the 'Swiss' type of combined immunological deficiency syndrome, Hodgkin's disease, sarcoidosis, lepromatous leprosy and primary biliary cirrhosis). In human allergic states lymphocyte transformation in response to specific antigen has been found to correlate with anaphylaxis (e.g. to penicillin, Halpem et al. 1967 , with immediate hypersensitivity (e.g. to pollen, Zeitz et al. 1966) , with serum sickness (e.g. to sulphonamide, Han et al. 1969) and with delayed hypersensitivity (e.g. to PPD, Heilman & McFarland 1966b) . Whilst there is no doubt that lymphocyte transformation in vitro correlates qualitatively with delayed hypersensitivity, the question remains whether the response in a humoral antibody-mediated allergic state is a reflection of this state or whether it signifies a co-existing and subclinical delayed hypersensitivity. For this reason it is premature to assert that antigen-induced lymphocyte transformation of human peripheral blood cells is specific only for one particular type of immunological mechanism. The only statement that can be made with certainty at the present time is that lymphocyte transformation reflects the immunological activity of the donor of the lymphocytes towards the particular antigen. Undoubtedly further work will elucidate the true significance of the cellular events which take place in the test tube and relate them to the clinical situation.
